1. Cats were anaesthetized with pentobarbitone sodium. The hypothalamus was superfused with drugs through a push-pull cannula and electrically stimulated with the non-insulated tip of the cannula. In another series of experiments, the hypothalamus was stimulated with a monopolar electrode and the nucleus of the solitary tract superfused with drugs through a push-pull cannula.
1. Cats were anaesthetized with pentobarbitone sodium. The hypothalamus was superfused with drugs through a push-pull cannula and electrically stimulated with the non-insulated tip of the cannula. In another series of experiments, the hypothalamus was stimulated with a monopolar electrode and the nucleus of the solitary tract superfused with drugs through a push-pull cannula.
2. Superfusion of the hypothalamus with alphaadrenoreceptor blocking agents (piperoxan or tolazoline) decreased the pressor responses to hypothalamic stimulation. Superfusion with low concentrations of clonidine increased, whereas superfusion with higher concentrations of this drug diminished, the rise of blood pressure during hypothalamic stimulation. Muscarinic agents (oxotremorine, muscarine or AHR 602) decreased the pressor responses to hypothalamic stimulation. The inhibitory effects of the muscarinic compounds were abolished by superfusing the hypothalamus with methylatropine. Superfusion with nicotinic agents (1 ,l-dimethyl-4-phenylpiperazinium, or carbachol) enhanced the pressor responses to hypothalamic stimulation. The enhancement of the pressor responses by these drugs was completely inhibited by superfusion of the hypothalamus with hexamethonium.
3. Superfusion of the nucleus of the solitary tract with tolazoline enhanced the pressor responses to hypothalamic stimulation. The pressor responses were reduced during superfusion of the nucleus of the solitary tract with clonidine.
Introduction
Electrical stimulation of the posterior hypothalamus elicits a rise of the arterial blood pressure (Karplus & Kreidl, 1918 , 1927 Magoun, 1938; Folkow & Rubinstein, 1966) . Labelling of the hypothalamus with radioactive noradrenaline and hypothalamic superfusion through the third ventricle by the method of Feldberg & Myers (1966) revealed that electrical stimulation of different hypothalamic nuclei evokes an increased release of noradrenaline from the adrenergic nerve endings of the hypothalamus (Philippu, Heyd & Burger, 1970) . Superfusion of the hypothalamus with bretylium, which inhibits the release of noradrenaline from the adrenergic nerve endings, or chemical degeneration of the adrenergic neurons of the brain by injection of 6-hydroxydopamine into the , lateral ventricle, diminish the pressor responses to hypothalamic stimulation; on the other hand, superfusion of the hypothalamus with desipramine, which inhibits the re-uptake of noradrenaline into the adrenergic nerve endings, enhances the rise of blood pressure elicited by hypothalamic stimulation (Przuntek, Guimaraes & Philippu, 1971) . Thus it was assumed that a causal relationship may exist between pressor responses to hypothalamic stimulation and release of noradrenaline from the adrenergic nerve endings of the hypothalamus.
However, during superfusion of the hypothalamus through the third ventricle traces of drugs may reach other brain structures localized in the vicinity of the third ventricle. In order to restrict access of 191s drugs to additional sites of action a push-pull cannula was developed for the superfusion of small brain areas.
Methods
All experiments were carried out in cats under pentobarbitone anaesthesia (36 mgikg, intraperitoneally). After tracheotomy, the head was fixed in a stereotaxic instrument (La Precision Cinematographique) and the mean arterial blood pressure was monitored from the femoral artery with a Statham transducer connected to a Schwarzer recorder.
A push-pull cannula (Philippu, Przuntek & Roensberg, I973a) was stereotaxically inserted into the hypothalamus until its tip reached the upper surface of the posterior nucleus. The hypothalamus was superfused with artificial cerebrospinal fluid (Merlis, 1940) at a rate of 0.075 l r l h i n and electrically stimulated with the non-insulated tip of the cannula. Stimulation was carried out every 10 min with 8-10 V, 40 Hz, 6 ms of duration with square-wave pulses (H. Sachs Stimulator I ) . A stimulation period of 10-30 s caused a rise of the arterial blood pressure of 40-50 mmHg. The pressor responses remained constant for at least 2 h. Optimum voltage and duration of the stimulation period were adjusted at the beginning of, and maintained throughout, the experiment.
The pressor responses were taken as loo:,, and subsequently the hypothalamus was superfused with drug-containing cerebrospinal fluid for 60 min. Finally, the hypothalamus was superfused with drug-free cerebrospinal fluid for another 60 min.
In some experiments the posterior hypothalamus was electrically stimulated with a monopolar stainless-steel electrode and the ipsilateral nucleus of the solitary tract superfused with cerebrospinal fluid through a push-pull cannula. Electrode and push-pull cannula were stereotaxically placed (Philippu et a/., 1973b). Stimulation of the nucleus of the solitary tract was carried out every 10 min as described above. Optimum voltage and duration of the stimulation period were adjusted at the beginning of and maintained unchanged throughout the experiment.
Electrode and push-pull cannula were inserted according to the stereotaxic atlas of Reinoso-Suarez (1961) . At the end of the experiment the brain was removed and the localizations of push-pull cannula and electrode were verified.
Results

Sirperfision and electrical stit~itrlation of' the posterior hypothalamus
Efects of drrrgs ajkcting alpha-adrenoreceptors on pressor responses to hypothalamic stinirrlation. The posterior hypothalamus was superfused with cerebrospinal fluid through the push-pull cannula and electrically stimulated with the non-insulated tip of the cannula. Superfusion of the hypothalamus with the alpha-adrenoreceptor blocking agents piperoxan (0.1 mol/l) and tolazoline (0.01, 0.05 or 0.1 mol/l) caused a dose-dependent decrease of the pressor responses to hypothalamic stimulation. Superfusion with low concentrations of clonidine (10 or 50 prnolil) for 60 min enhanced the pressor responses to hypothalamic stimulation, whereas 100 pmol/l was ineffective and still higher concentrations of this compound (0.001 or 0.01 mol/l) strongly diminished the rise of blood pressure elicited by electrical stimulation of the hypothalamus (Philippu, Demmeler & Roensberg, 1974) .
Effects of nicotinic agents on pressor responses to liypothulurnic stiniulation. Superfusion of the hypothalamus with the nicotinic agents I,l-dimethyl-4-phenylpiperazinium (DMPP) or carbachol (0.01 or 0.05 molil) enhanced the pressor responses to hypothalamic stimulation in a dose-dependent manner. Superfusion with hexamethonium (0.01 mol/l) did not influence the pressor responses. However, when the posterior hypothalamus was subsequently superfused with carbachol or D M P P in the presence of hexamethonium, the enhancing effects of the nicotinic agents were completely inhibited (Philippu ct a/., 1974) .
Effects of riirrscarinic agents on pressor responses to hypothalaniic stinirrlation. In order to study the effects of muscarinic agents on the pressor responses, the hypothalamus was superfused with oxotremorine. However, the evaluation of the pressor responses during superfusion with 0.05 mol/l oxotremorine was rather difficult, because this agent caused a fall of the arterial blood pressure. This effect of oxotremorine on the 'resting' arterial blood pressure was of peripheral origin, since it was abolished after intravenous injection of methylatropine bromide ( I mg), which does not readily penetrate he bloodbrain barrier. For this reason, the effect of oxotremorine on the pressor responses to hypothalamic stimulation was studied in atropine-treated animals.
Besides oxotremorine, the effects of other musCentral regulation of blood pressure 193s carinic agents such as muscarine and l-benzyl-3-pyrrolidinyl acetate methobromide (AHR 602) were studied. Since superfusion of the hypothalamus with these drugs did not affect the 'resting' arterial blood pressure, intravenous injection of methylatropine was carried out only when oxotremorine was superfused.
All three muscarinic agents studied (0.05 mol/l oxotremorine or muscarine or 0.001 moll1 AHR 602) diminished the pressor responses to hypothalamic stimulation. The inhibitory effects of oxotremorine and muscarine reached their maxima 30 min after beginning the superfusion, whereas the reduction of the pressor responses evoked by AHR 602 was accomplished during the subsequent superfusion with drug-free cerebrospinal fluid. Since the reduction of the pressor responses by these drugs Might be due to their muscarinic properties, an attempt was made to inhibit their effects by superfusing the hypothalamus with methylatropine.
Superfusion of the hypothalamus with 500 ,umol/l methylatropine for 60 min did not influence the pressor responses to hypothalamic stimulation. However, in the presence of methylatropine the muscarinic agents failed to inhibit the pressor responses to hypothalamic stimulation.
Superfitsion of the niicleirs of the solitary tract and electrical s timitlatiori of' the hypothalamus
The nucleus of the solitary tract was superfused with cerebrospinal fluid through a push-pull cannula and the posterior hypothalamus electrically stimulated with a monopolar electrode. Superfusion of the nucleus of the solitary tract with the alphaadrenoreceptor blocking agent tolazoline (0.1 molll) for 60 min enhanced the pressor responses to hypothalamic stimulation (Philippu et al., 1974) . Superfusion of the nucleus of the solitary tract with 0.001 moll1 clonidine was ineffective, whereas superfusion with 0.03 or 0.1 mol/l of this compound inhibited the pressor responses to electrical stimulation of the posterior hypothalamus (Philippu et al., 1973b) .
Discussion
By superfusing the hypothalamus with drugs through a push-pull cannula it is possible to study the effects of these drugs on the pressor responses elicited by hypothalamic stimulation. Superfusion of the hypothalamus by this method revealed that nicotinic agents enhanced the pressor responses, whereas muscarinic agents inhibited the pressor responses to hypothalamic stimulation. The effects of nicotinic and muscarinic agents were abolished by their antagonists hexamethonium and methylatropine respectively. Thus both nicotinic and muscarinic receptors seem to be present in the hypothalamic area and to modulate the pressor responses elicited by electrical stimulation of the hypothalamus. Since nicotinic agents increase the release of noradrenaline from the adrenergic nerve endings of the hypothalamus (Philippu et al., 1970) , it might be assumed that cholinergic agents modulate the pressor responses to hypothalamic stimulation by enhancing (nicotinic agents) or inhibiting (muscarinic agents) the release of noradrenaline.
In order to investigate whether alpha-adrenoreceptors are present in the hypothalamic area, the posterior hypothalamus was superfused with drugs affecting these receptors. The inhibition of the pressor responses by the alpha-adrenoreceptor blocking agents piperoxan and tolazoline supports the view that alpha-receptors are present in the hypothalamus. Furthermore, the pressor responses were enhanced during superfusion of the hypothalamus with low concentrations of clonidine, which stimulates the alpha-adrenoreceptors of peripheral organs and of the brain (Kobinger & Walland, 1967 , 1972 Anden, Corrodi, Fuxe, Hokfelt, Hokfelt, Rydin & Svensson, 1970; Schmitt, Schmitt & Fenard, 1971) . However, higher concentrations of clonidine diminished the rise of blood pressure caused by stimulation of the hypothalamus. The inhibitory effect of clonidine might be due to decreased noradrenaline release by a feedback mechanism (Anden ct al., 1970; Starke & Altmann, 1973) or to inhibition of acetylcholine release, which might lead to decrease of the noradrenaline output from the hypothalamic nerve endings. Indeed, drugs similar to clonidine diminish the release of acetylcholine from cholinergic nerve endings of peripheral organs (Kroneberg, Oberdorf, Hoffmeister & Wirth, 1967) . Moreover, acetylcholine increases the output of noradrenaline from the hypothalamic nerve endings (Philippu et al., 1970) . On the other hand, superfusion of the nucleus of the solitary tract with tolazoline enhanced the pressor responses to hypothalamic stirnulation, whereas the pressor responses were inhibited by clonidine. UNIDENTII IED SPEAKER: There are other \-receptor antagonists that are not imidazoline derivatives. By using one of these substances, one could show more safely that \-receptors are involved in the pressor responses you described.
P H I L I P P U :
We tried to inhibit the pressor response by using tolazoline, piperoxan and phentolamine. We have no experience with other drugs. Superfusion with phentolamine did not influence the pressor response, probably because phentolamine is poorly soluble in water and did not reach the concentration needed.
GROSS: Of course, phentolaniine is also a n imidazoline derivative. 
